Experimental
MOF-5, MOF-74, and MIL-53 were synthesized and activated as per literature [42-44, see full details below, syntheis part]. The HPCs were obtained by direct carbonization of MOFs. In the carbonization process, about 500 mg to 1000 mg of MOF placed in an alumina boat, 1 cm x 1.5 cm x 5 cm (~500 mg in each boat) and transferred into a horizontal tube furnace. The furnace tube was closed with a gas feedthrough end seals and sample area was thoroughly purged with nitrogen. The nitrogen flow was maintained throughout the reaction, about 24 h. C and from Al-MIL-53 were further subjected to acid treatment to remove residual metal-adducts. MOFs and HPCs were thoroughly characterized by powder X-ray diffraction (XRD, Cu-K-alpha, Rigaku), X-ray Photoemission spectroscopy (XPS, Al-K-alpha, Thermo Scientific), Raman spectroscopy (514.5 nm laser, Renishaw) and scanning electron microscopy (SEM, Jeol). The surface area and pore volume values for MOFs and HPCs were obtained from nitrogen adsorption-desorption isotherms, measured at 77 K on Quantachrome Autosorb-iQC. The specific surface area was measured from the desorption isotherm in the relative pressure range between 0.01 and 0.2, according to the Brunauer-Emmett-Teller (BET) method. QSDFT (quenched solid density functional theory) method with slit/cylindrical pores (50 nm) is applied to obtain pore size distribution, micropore volume & surface area and cumulative pore volume. BJH method was applied to estimate meso (> 3nm) and macropores (>50 nm). The total pore volume was estimated from the amount of N 2 adsorbed at a relative pressure of 0.99. The CO 2 adsorption-desorption isotherms at various temperatures were measured and tested by volumetric method using both, the in-house built Sieverts rig ([42] , at NCNR, NIST) and the commercial one, PCTPro 2000 (at UCL, Chemistry).
Synthesis:
MOF-5 batch 1: 5.25 g of zinc nitrate tetrahydrate (Merck) and 1.125 g of terephthalic acid (Aldrich) were dissolved in 250 ml of freshly distilled N,N-diethylformamide (Acros) and distributed into 2x 250 ml Teflon-lined autoclaves. The tightly sealed autoclaves left in an oven for 24 h at 100 o C. MOF-5 batch 2: 6.3 g of zinc nitrate tetrahydrate (Merck) and 1.35 g of terephthalic acid (Aldrich) were dissolved in 300 ml of freshly distilled N,N-diethylformamide (Acros) in a 500 ml wide mouth glass jar (Fisherbrand) with screw tight cap. The tightly sealed glass jar left in an oven for 2 days at 100 o C. In both the cases, the crystals were activated by first decanting the mother liquor, washing with N,N-diethylformamide, and finally immersing them in chloroform (Fisher). The exchange solvent was refreshed 5 times during 5 day period. MOF-74: 10 g of zinc nitrate tetrahydrate (Merck) and 2.5 g of 2,5-Dihydroxybenzene-1,4-dicarboxylic acid (Aldrich) were dissolved in 500 mL of N,N-dimethylformamide (SigmaAldrich) and 25 of deionized water in a 2x 500 ml wide mouth glass jars (Fisherbrand). The tightly capped jar placed in a 100 °C oven for 2 days. After decanting the hot mother liquor and rinsing with DMF, the product was immersed in methanol (Merck) for 6 days, during which the activation solvent was decanted and freshly replenished 6 times. MIL53: 13 g of aluminium nitrate nanohydrate (Sigma-Aldrich) and 2.88 g of terephthalic acid (Aldrich) were dissolved in 49 ml of deionized water in a 75 ml Teflon-lined autoclave. The tightly sealed autoclave left in a 220 o C oven for 72 h. Solvent evaporation: In all the cases the samples were dried and activated by evacuation under high vacuum while heating to 160 o C for 2 days. The sample were then stored in Arfilled glove box for further use.
MOF5-batch1
sample yield was about 530 mg after activation and weighed in glove box. MOF5-batch2 sample yield was about 1.6 g after activation and weighed in glove box, which is about 140% by weight (2.4 times), more yield than batch 1 sample for the given same amount of precursors used. The batch2 sample also yields bigger crystals as shown below. As measured N 2 isotherms at 77 K of HPCs gives a type-I (microporous) and type-II (micro+meso+macroporous) isotherms and QSDFT valid for micropore region and limited to pore size 50 nm, and BJH is more suitable for meso (> 3nm) and macropores (>50 nm) here we use both the models to analyse the pore size distribution and cumulative pore volumes of HPCs, especially for HPC5's. Notes: BET-SA: is a surface area obtained through BET method on the desorption isotherm in the P/Po pressure region between 0.01 and 0.2. V total : is a single point total pore volume obtained at P/Po of ~0.99. Which is a simple relation, defined as, Vtotal pore volume = (N 2 adsorbed at 0.99 in cm 3 /g)*(N 2 gas density at STP)/(N 2 liquid density at ~1 bar). Which is equal to V ads at (P/Po=0.99)*0.001547. Micro-SA: is a micropore surface area for the pores of up to 2 nm obtained through QSDFT fit to the desorption isotherm.
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V micro : is a micropore volume for the pores up to 2 nm obtained through QSDFT fit to the desorption isotherm. V meso+macro : is a meso to macro pore volume for pores > 3 nm, obtained through classical BJH method on the desorption isotherm. Note that the total pore volume at P/Po = ~0.99 is fairly in good agreement with the total pore volume obtained through BJH method (meso+macro) + QSDFT method (micro). MOF precursors show CO 2 uptake saturation near 30 bar pressure limit due to their welldefined pore structure and limited pore volume. A very high initial CO 2 uptake is seen in MOF-74 due to the direct interaction of CO 2 molecules with the high density of coordinatively unsaturated Zn 2+ sites. In case of other MOFs without unsaturated metal sites, the close look reveals an S-shaped (MOF-5), or step-like (MIL-53) isotherms with very low initial CO 2 uptake. This is assumed to be due to the weak interactions between adsorbed CO 2 and framework surface at low pressures. At high pressures the increased uptake is attributed to the total pore filling effect. The CO 2 uptake in MOFs also supported with their heat of adsorption behaviour (see Energy Environ. Sci. 2011, 4, 2177-2185). The high initial heat of adsorption in coordinatively unsaturated MOF-74 suggests the strong interaction of CO 2 molecules to induce the high CO 2 uptake at very low-pressures. Thus the reduction in interaction is expected at high-pressures as the strong adsorptive sites are occupied. The isosteric heat of adsorption in coordinatively saturated MOFs (e.g., MOF-5) show a reverse trend. The low-initial heat of adsorption explains the weak CO 2 molecular interaction within the pore framework support. However, with increasing pressure, the isosteric heat of adsorption is increased due to the increased interactions between CO 2 -porous support as well as CO 2 -CO 2 . In porous carbons, the decreased adsorption energy trend with increasing uptake clearly explains the filling-up of strong binding energy sites, i.e., slit/cylindrical narrow size pores are filled first because of the strong caging effect and then bigger and bigger pores are occupied subsequently at higher pressures. Normally the high heat of adsorption is expected when adsorbates form the one or two-layer films within the pores. When the pores are bigger the multi-layer adsorption is expected, however the interaction energies are expected to be very weak as third and higher number of layers is far from the adsorbent. In fact this is clearly seen in above Figure S10 that the large mesopore fraction in HPC5 and HPC53 shows a low heat of adsorptions. 
